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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize sem transparent liquid crystal display 
device in which optical characteristic such as contrast is satisfactory and 
viewing angle is wide in the semitransparent liquid crystal display device. 
SOLUTION: In this liquid crystal device, wherein a liquid crystal layer is 
inserted between one substrate containing both reflection parts and 
transmission parts and the other substrate on which opposite electrodes are 
formed, a first polarizing plate is provided on the surface of the one 
substrate and a second polarizing plate is provided on the surface of the 
other substrate respectively, a first 1/4 wavelength plate and a second 1/2 
wavelength plate are provided between the first polarizing plate and the one 
substrate, and a third 1/4 wavelength plate and a fourth 1/2 wavelength 
plate are provided between the second polarizing plate and the other 
substrate, a liquid crystal film obtained by performing hybrid orientation of 
nematic liquid crystal is used as the first 1/4 wavelength plate. 
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CLAIMS 



[Claim(s)] 

[Claim 1] On the other hand, a liquid crystal layer is pinched between the substrates and the another 
side electrodes with which the counterelectrode was formed possessing both the reflective section and 
the transparency section. It has the 2nd polarizing plate in the field of the aforementioned one side 
substrate in the field of the 1st polarizing plate and said another side substrate, respectively. In the 
liquid crystal display which, on the other hand, has the 1st quadrant wavelength plate and the 2nd 1/2 
wavelength plate between substrates with said 1st polarizing plate, and has the 3rd quadrant wavelength 
plate and the 4th 1/2 wavelength plate between said 2nd polarizing plate and another side substrates 
The liquid crystal display characterized by said 1st quadrant wavelength plate being a liquid crystal film. 
[Claim 2] The liquid crystal display according to claim 1 characterized by said liquid crystal film being a 
liquid crystal film to which it comes to carry out hybrid orientation of the nematic liquid crystal. 
[Claim 3] The liquid crystal display according to claim 1 with which the direction of the hybrid 
orientation of the nematic liquid crystal which forms said liquid crystal film, and the direction of n 
director of said liquid crystal layer are characterized by being arranged at the reverse sense. 
[Claim 4] The liquid crystal display according to claim 1 characterized by the include angle of the optical 
axis of said liquid crystal film and n director of said liquid crystal layer to make being less than 5 times. 
[Claim 5] The liquid crystal display according to claim 1 characterized by setting up the include angle of 
the shaft expressed with the include angle of ((a+b)/2), and the absorption shaft of said 1st polarizing 
plate to make between 30 degrees and 60 degrees when the include angle of the optical axis of said 
liquid crystal film is set to a and the include angle of the optical axis of said 2nd 1/2 wavelength plate is 
set to b. 



[Translation done.] 



* NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 
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[Field of the Invention] A liquid crystal film is used for this invention as a quadrant wavelength plate, and 
it relates to the transflective LCD to which the angle of visibility at the time of a transparency display 

. was expanded. 

' [0002] 

[Description of the Prior Art] the liquid crystal display component by which the current activity is 
carried out was divided roughly, and the array direction of a nematic liquid crystal molecule was twisted 
at 90 degrees on the front face of the electrode substrate which makes a couple by two upper arid 
lower sides — twist nematic (It is hereafter called TN) The thing using the mode, the thing using the 
super twist nematic (henceforth STN) mode which twisted the array direction of a nematic molecule at 
300 degrees from 180 degrees between vertical electrode substrates, the thing using a ferroelectric 
liquid crystal, etc. exist. 

[0003] Moreover, each calls the liquid crystal display currently used for the word processor, the 
personal computer, the monitor, etc. a transparency mold liquid crystal display using a back light. The 
liquid crystal display whose display is enabled only by outdoor daylight using a reflecting plate is said to 
the tooth back of a liquid crystal display as a reflective mold liquid crystal display to it, without using a 
back light, and it is used for the calculator etc. Moreover, by progress of the information communication 
technology of these days, pocket communication terminals, such as a cellular phone and PDA, spread, 
and the liquid crystal commercial scene was expanded greatly. Since these pocket communication 
terminals serve as a property with an important low power, it is usually that a reflective mold liquid 
crystal display is used. However, the brightness of a reflective mold liquid crystal display is low, and its 
transflective type liquid crystal display which both the reflective section and the transparency section 
are provided, and at least ** is [ liquid crystal display ] a reflective mold and can display it in a 
transparency mold in a dark environment in a bright environment in a pixel since a display is hard to be 
recognized in an environment is in use. 

[0004] With these spread, the user want to image quality also becomes still severer, and is strongly 

demanded especially about amplification of an angle of visibility. 

[0005] 

[Problem(s) to be Solved by the Invention] Especially in the conventional transflective LCD, the 
technical problem that the angle-of-visibility property at the time of a transparency display became 
narrow also with four directions occurred. 

[0006] This invention was made in view of such an above-mentioned trouble, its contrast is higher than 

before, and four directions aim at realizing a transflective LCD with a large angle of visibility. 

[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, invention 
according to claim 1 On the other hand, a liquid crystal layer is pinched between the substrates and the 
another side electrodes with which the counterelectrode was formed possessing both the reflective 
section and the transparency section. It has the 2nd polarizing plate in the field of the aforementioned 
one side substrate in the field of the 1st polarizing plate and said another side substrate, respectively. In 
the liquid crystal display which, on the other hand, has the 1st quadrant wavelength plate and the 2nd 
1/2 wavelength plate between substrates with said 1st polarizing plate, and has the 3rd quadrant 
wavelength plate and the 4th 1/2 wavelength plate between said 2nd polarizing plate and another side 
substrates It is related with the liquid crystal display characterized by said 1st quadrant wavelength 
plate being a liquid crystal film. 

[0008] Invention according to claim 2 relates to the liquid crystal display characterized by said liquid 
crystal film being a liquid crystal film to which it comes to carry out hybrid orientation of the nematic 
liquid crystal in a liquid crystal display according to claim 1. 

[0009] Invention according to claim 3 is characterized by arranging the direction of the hybrid 
orientation of the nematic liquid crystal which forms said liquid crystal film, and the direction of n 
director of said liquid crystal layer at the reverse sense in a liquid crystal display according to claim 1. 
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[0010] Invention according to claim 4 is characterized by the include angle of the optical axis of said 
liquid crystal film and n director of said liquid crystal layer to make being less than 5 times in a liquid 
- crystal display according to claim 1. 

" [001 1] In a liquid crystal display according to claim 1, invention according to claim 5 is characterized by 
setting up the include angle of the shaft expressed with the include angle of ((a+b)/2) f and the 
absorption shaft of said 1 st polarizing plate to make between 30 degrees and 60 degrees, when the 
include angle of the optical axis of said liquid crystal film is set to a and the include angle of the optical 
axis of said 2nd 1/2 wavelength plate is set to b. 
[0012] 

[Embodiment of the Invention] (Gestalt of operation) The liquid crystal display in the gestalt of operation 
of this invention is explained using a drawing. Drawing 1 is the sectional view showing the outline 
configuration of the liquid crystal display of the gestalt of this operation. On the other hand, this liquid 
crystal display 1 pinches the liquid crystal layer 3 between the substrates 1 and the another side 
substrates 2 with which the counterelectrode was formed possessing both the reflective section and the 
transparency section. On the other hand, it has the 2nd polarizing plate 5 for the 1st polarizing plate 4 in 
the field of an another side substrate in the field of a substrate 1, respectively. It consists of a 
configuration that, on the other hand, have the 1st quadrant wavelength plate 6 and the 2nd 1/2 
wavelength plate 7 between substrates 1 with the 1st polarizing plate 4, and the 3rd quadrant 
wavelength plate 8 and the 4th 1/2 wavelength plate 9 have been arranged between the 2nd polarizing 
plate 5 and the another side substrate 2. At this time, high polymer films, such as a polycarbonate which 
is the same construction material as the 3rd quadrant wavelength plate 8 or the 2nd and 4th 1/2 
wavelength plate 7 and 9 as 1st quadrant wavelength plate, were used in the conventional example. On 
the other hand, in the liquid crystal display of this application, the liquid crystal film to which hybrid 
orientation of the nematic liquid crystal was carried out as 1st quadrant wavelength plate 6 is used. The 
reason is explained below. 

[0013] Drawing 2 is property drawing having shown the angle-of-visibility property at the time of the 
transparency display of the liquid crystal display of this invention, and the conventional liquid crystal 
display. The angle-of-visibility [ can set drawing 2 (a) to the liquid crystal display of this invention, and / 
drawing 2 / (b) ] property at the time of the transparency display of the conventional liquid crystal 
display is shown, respectively. As shown in drawing 2 , the angle-of-visibility property at the time of the 
transparency display in the liquid crystal display of this invention is clear in having expanded four 
directions dramatically as compared with the conventional liquid crystal display. Why the angle-of- 
visibility property of the liquid crystal display of this invention is improved was shown below. 
[0014] Drawing 3 is the mimetic diagram having shown the structure of the liquid crystal film (NH film, 
the Nippon Oil Mitsubishi make) 6 used for the liquid crystal display of this invention. It is having 
structure to which hybrid orientation of the nematic liquid crystal 1 1 was carried out on the base 
material 10, and the arrow head 12 in drawing shows the direction of hybrid orientation. On the other 
hand, on a substrate 1, drawing 4 is one block diagram having shown the relation between the liquid 
crystal molecule of the liquid crystal layer 3, and the liquid crystal film 6 which is carrying out 
orientation, and shows an example of the gestalt of operation. The arrow head 13 shows the direction of 
n director of a liquid crystal layer. When an electrical potential difference is impressed to the liquid 
crystal layer 3, the liquid crystal molecule which is carrying out orientation on the substrate 1 on the 
other hand is in the condition near hybrid orientation near the substrate interface, in order that it may 
not change for the achoring energy received from a substrate, but it may separate from a substrate 
interface and a liquid crystal molecule with little effect of achoring energy may answer an electrical 
potential difference. In the liquid crystal display of the conventional example, an angle-of-visibility 
property benefits narrow the birefringence of the liquid crystal molecule near [ this ] the interface. Since 
the liquid crystal display of this invention can cancel the birefringence of the liquid crystal molecule near 
the interface by arranging the direction 13 of n director of the liquid crystal molecule of the liquid 
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crystal layer 3, and the direction 12 of the hybrid orientation of the liquid crystal film 6 to the reverse 
sense, it becomes possible to improve an angle-of-visibility property greatly. Moreover, since this liquid 
crystal film 6 also possesses simultaneously the phase contrast plate function in which the phase 
contrast of birefringence light is quadrant wavelength, thin shape-ization of it is also attained. 
[0015] Drawing 5 is the mimetic diagram having shown the relation of each arrangement of the direction 
of n director of the absorption shaft of the 1st polarizing plate 4, the optical axis of the liquid crystal film 
6 which is the 1st quadrant wavelength plate, the optical axis of the 2nd 1/2 wavelength plate 7, and the 
liquid crystal layer 3. The include angle of the Shaft A and the absorption shaft of the 1st polarizing 
plate 4 by which the include angle of the optical axis of the liquid crystal film 6 whose a is the 1st 
quadrant wavelength plate, and b are expressed with the include angle of the optical axis of the 2nd 1/2 
wavelength plate 7 among drawing 5 , and c is expressed with the include angle of ((a+b)/2) to make, and 
d are carrying out the table of the include angle of the optical axis of the liquid crystal film 6, and n 
director of the liquid crystal layer 3 to make, respectively. Although especially definition is not carried 
out about these include angles, as for d, arranging within 5 times is desirable, and c is desirable when 
arranging in the range of 30 to 60 degrees takes into consideration the balance of optical properties, 
such as contrast, and an angle-of-visibility property. 

[0016] Thus, it is possible to offer the transflective LCD which contrast was good, and the angle of 

visibility was large, and fitted all environments by this invention. 

[0017] 

[Effect of the Invention] According to this invention, on the other hand, a liquid crystal layer is pinched 
as mentioned above between the substrates and the another side electrodes with which the 
counterelectrode was formed possessing both the reflective section and the transparency section. It 
has the 2nd polarizing plate in the field of the aforementioned one side substrate in the field of the 1st 
polarizing plate and said another side substrate, respectively. In the liquid crystal display which, on the 
other hand, has the 1st quadrant wavelength plate and the 2nd 1/2 wavelength plate between 
substrates with said 1st polarizing plate, and has the 3rd quadrant wavelength plate and the 4th 1/2 
wavelength plate between said 2nd polarizing plate and another side substrates By using the liquid 
crystal film to which hybrid orientation of the nematic liquid crystal was carried out as said 1st quadrant 
wavelength plate it becomes possible to compensate optically the birefringence of the liquid crystal 
molecule near the substrate interface, it becomes possible to realize simultaneously amplification of the 
optical property and angle of visibility which were [ contrast ] excellent, and it becomes possible to offer 
the liquid crystal display whose display property was markedly alike and improved as compared with the 
conventional liquid crystal display. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view showing the outline configuration of the liquid crystal display in the 
• gestalt of operation of this invention 

[Drawing 2] (a) Property drawing having shown the angle-of-visibility property of the liquid crystal 
„ display of this invention 

(b) Property drawing having shown the angle-of-visibility property of the conventional liquid crystal 

display 

[Drawing 3] The sectional view showing the outline configuration of the liquid crystal film used for the 
liquid crystal display of this invention 

[Drawing 4] One block diagram having shown the relation between the liquid crystal molecule on the 
substrate of the liquid crystal display of this invention, and a liquid crystal film 

[Drawing 5] The mimetic diagram having shown the relation of each arrangement of the direction of n 
director of the absorption shaft of the 1st polarizing plate 4 in the liquid crystal display of this invention, 
the optical axis of the liquid crystal film 6 which is the 1st quadrant wavelength plate, the optical axis of 
the 2nd 1/2 wavelength plate 7, and the liquid crystal layer 3 
[Description of Notations] 

1 It is Substrate while Both Reflective Section and Transparency Section were Provided. 

2 Another Side Substrate with which Counterelectrode was Formed 

3 Liquid Crystal Layer 

4 1st Polarizing Plate Arranged on the Other Hand in Field of Substrate 

5 2nd Polarizing Plate Arranged in Field of Another Side Substrate 

6 1st Quadrant Wavelength Plate 

7 2nd 1/2 Wavelength Plate 

8 3rd Quadrant Wavelength Plate 

9 4th 1/2 Wavelength Plate 

10 Base Material 

11 Nematic Liquid Crystal in Liquid Crystal Film 6 

12 The Direction of Hybrid Orientation of Liquid Crystal Film 6 

13 The Direction of N Director of Liquid Crystal Molecule of Liquid Crystal Layer 3 

The include angle of the optical axis of the liquid crystal film 6 which is the 1st quadrant wavelength 
plate 

b The include angle of the optical axis of the 2nd 1/2 wavelength plate 7 
A (a+b) The shaft expressed with the include angle of /2 

c The include angle of Shaft A and the absorption shaft of the 1st polarizing plate 4 to make 

d The include angle of the optical axis of the liquid crystal film 6, and n director of the liquid crystal 

layer 3 to make 
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